The AutoMicrobic system (AMS) is capable of identifying most Enterobacteriaceae within 8 h and many glucose-nonfermenting, gram-negative bacilli after 13 h of incubation. Early preliminary results can be readily obtained from the computer as the tests incubate. Data with 1,023 bacterial isolates were reviewed to determine the relative accuracy of 4-, 6-, 8-, 10-, and 13-h identifications. All AutoMicrobic system identifications with probability (P) (3) (4) (5) (7) (8) (9) . Recently, the EnterobacteriaceaePlus Biochemical Cards (EBC+) have been introduced to expand the number of gram-negative bacilli that can be identified. We have found the EBC+ system to be satisfactory for identifying most Enterobacteriaceae and certain nonenteric, gram-negative bacilli (1, 2). With glucosefermenting, gram-negative bacilli, the EBC+ system automatically issues a final identification after 8 h of incubation, and glucose-nonfermenting, gram-negative bacilli are identified after 13 h. Since the cards are automatically read every hour, a preliminary identification can be obtained from the computer at any time during the incubation period. In the present report, we assessed the reliability of preliminary identifications that could be obtained after 4 or 6 h. Thfs was done to establish ground rules that would allow selection of those identifications that can be accepted early enough to permit same-day reporting and to identify those AMS responses that indicate the need for continued incubation or supplemental tests or both before a reliable identification can be achieved.
The AutoMicrobic system (AMS) of Vitek Systems, Inc., Hazelwood, Mo., provides automation for a number of microbiological procedures (10). With Enterobacteriaceae Biochemical Cards (EBC), Enterobacteriaceae can be identified within 8 h. Several investigators have found the EBC system to be quite satisfactory (3) (4) (5) (7) (8) (9) . Recently, the EnterobacteriaceaePlus Biochemical Cards (EBC+) have been introduced to expand the number of gram-negative bacilli that can be identified. We have found the EBC+ system to be satisfactory for identifying most Enterobacteriaceae and certain nonenteric, gram-negative bacilli (1, 2) . With glucosefermenting, gram-negative bacilli, the EBC+ system automatically issues a final identification after 8 h of incubation, and glucose-nonfermenting, gram-negative bacilli are identified after 13 h. Since the cards are automatically read every hour, a preliminary identification can be obtained from the computer at any time during the incubation period. In the present report, we assessed the reliability of preliminary identifications that could be obtained after 4 or 6 h. Thfs was done to establish ground rules that would allow selection of those identifications that can be accepted early enough to permit same-day reporting and to identify those AMS responses that indicate the need for continued incubation or supplemental tests or both before a reliable identification can be achieved.
MATERIALS AND METHODS
Bacterial strains. The 1,023 bacterial isolates included in this study were described in two previous reports (1, 2) , which evaluate only the final 8-or 13-h identifications. The isolates used represented a collection of recent clinical isolates supplemented with stock cultures of relatively uncommon species. The challenge strains were selected to provide representatives of 36 different species, including 234 glucose-nonfermenting, gram-negative bacilli, 17 Aeromonas hydrophila, and 738 Enterobacteriaceae. In addition, tests were performed with 34 strains representing 10 species that are not included in the AMS computer program (seven Alcaligenes faecalis, five Achromobacter xylosoxidans, five Moraxella spp., three Flavobacterium spp., three Pasteurella multocida, one Bordetella bronchiseptica, six Pseudomonas stutzeri, two Pseudomonas acidovorans, one Pseudomonas putrefaciens, and one Pseudomonas pseudoalcaligenes). The latter 34 strains were tested to determine whether the AMS would attempt an identification.
The identification of all strains was confirmed by previously described (1, 2) standard reference methods at the time that the AMS tests were initiated.
AMS. The AMS was utilized according to the manu- Otherwise, the two most likely identifications were printed, along with the relative probability (6) that each identification was accurate (P value). In this report, only the first-choice identification was considered, and the P value was assumed to represent an estimate of the confidence that can be given to each identification (6) . In previous studies, we elected to accept only those AMS identifications with P > 0.80; all AMS responses with P < 0.80 were considered equivocal (indicating the need for additional tests). The data were analyzed to determine whether that general rule was also applicable to early, 4- The total percent accuracy was 83, 91, and 96% for 4-, 6-, and 8-or 13-h identifications, respectively.
b Final AMS reports with glucose-nonfermenting, gram-negative bacilli were recorded after 13 h of incubation (boldface numbers); all others were recorded after 8 h.
by dividing the number of correctly identified strains by the total number of strains that provided unequivocal AMS identifications (not the total number of strains tested). This ratio was then multiplied by 100 to express sensitivity as a percentage value. The number of excluded responses was considered separately when evaluating the overall performance of the early reports.
Specificity, on the other hand, represents an estimate of the confidence that can be given to a particular AMS identification and was calculated by dividing the number of correct reports by the total number of times that species was reported with a P -0.80. This ratio was then multiplied by 100 to express specificity as a percentage value for each species identification. When assessing the confidence that can be given to a particular AMS response, specificity is a more meaningful statistic than sensitivity (accuracy), since it estimates the number of times that each reported identification is correct. Sensitivity, on the other hand, estimates the number of times a given species will be correctly identified, without regard to the types of misidentifications that were made.
RESULTS
The overall reliability of early AMS identifications with 755 glucose-fermenting, gram-negative bacilli and 234 glucose-nonfermenting, gram-negative bacilli is summarized in Table 1 . Only three Enterobacteriaceae failed to grow after 4 h in the EBC+ system, and all grew after 14.1% were in error if 4-h responses with P < 0.80 were excluded, and 78% of the identifications would be accepted. The accuracy of early identifications was markedly improved after 6 h of incubation. We concluded that early AMS identifications should be considered equivocal if P < 0.80; this value is consistent with our previous studies with 8-or 13-h identifications (2). Low-probability (equivocal) responses require further incubation or initiation of additional tests or both before a final identification can be reported with confidence.
Tests with 34 additional strains belonging to 10 species that should not be identified by the AMS computer program were generally reported to be unidentified organisms. However, after 4 h, one Pasteurella multocida was reported to be Acinetobacter calcoaceticus (P = 0.99), and this misidentification was continued throughout the 13 h of incubation. A second error appeared after 8 h; an Alcaligenes sp. was reported to be Pseudomonas cepacia (P = 0.99), and this error continued with further incubation. Two other errors occurred after only 13 h of incubation; Specificity, Estimated reliability of a given 4-h AMS identification (P 2 0.80): [(number of correct responses) + number of times that species was reported)] x 100 = percent specificity for each species identification. both involved strains of Achromobacter xylosoxidans that were reported to be Pseudomonas cepacia (P = 0.72). Since the latter reports would ordinarily be classified as being equivocal (P < 0.80), these errors were considered to be relatively minor ones. With the exception of one Pasteurella multocida, the 4-or 6-h AMS reports correctly identified all of these strains to be unidentified organisms or gave a report of no growth.
The identifiable species included in this series are listed in Table 3 Although nonspecific after 4 h, 6-h reports of M. morganii or Enterobacter agglomerans were very specific. We tested only six strains of Klebsiella ozaenae; four strains were identified after 8 h. The system failed to identify three C. amalonaticus and two Serratia liquefaciens isolates, even after 8 h of incubation. Although sufficient data are not available to judge specificity of early AMS reports identifying the latter three species, they are uncommon enough to warrant confirmatory tests when such identifications are made.
Data with the seven most important nonspecific AMS identifications are summarized in Table 6 . Even after 13 h of incubation, Pseudomonas putidalfluorescens group and Pseudomonas cepacia reports were only 50% specific: confirmatory tests are needed before such identifications are reported. Acinetobacter calcoaceticus required a full 13 h before 90% specificity was achieved. A report of Enterobacter agglomerans was 100% specific after 6 h but only 56% specific after 4 h. However, only 8 of 21 Enterobacter agglomerans strains were identified after 4 h (5 correctly), 10 of 21 strains were identified after 6 h, and 13 were correctly identified after 8 h (when a final report would ordinarily be issued). The remaining Enterobacter agglomerans strains yielded identifications with P values of <0.80. After 8 h, 12 of 13 Yersinia enterocolitica and 3 of 4 Yersinia pseudotuberculosis strains were correctly identified with 100% specificity; 4-h responses were less reliable. After 8 h, all 14 strains of Salmonella spp. (other than Salmonella typhi) were correctly identified, but one Salmonella typhi strain was also reported to be Salmonella sp.
Relatively few glucose-nonfermenting, gramnegative bacilli could be identified with early readings, but responses of Pseudomonas aeruginosa or Pseudomonas maltophilia were fairly specific identifications that would be accepted when they did appear. Early AMS identifica- In the present report, we evaluated the EBC+ system, which includes some glucose-nonfermenting, gram-negative bacilli and a modified computer program for identifying the Enterobacteriaceae (1). We attempted to define specific guidelines that would help the operator decide when a preliminary report might be accepted with some confidence and when incubation should be continued. As in our previous studies ( (2) . A report of Pseu-domonas putidalfluorescens group or Pseudomonas cepacia suggests that the isolate belongs to the genus Pseudomonas, but the species needs to be confirmed. Four-hour reports of Pseudomonas aeruginosa or Pseudomonas maltophilia may be accepted as being specific responses, but most isolates will be either unidentified or misclassified into one of the nonspecific categories. For the same reasons, a 4-h AMS identification of Serratia marcescens can be accepted with confidence, although most strains were misidentified as Shigella spp. or Y. enterocolitica (both nonspecific responses). Although the EBC+ system has difficulty in accurately recognizing H2S-negative Citrobacter freundii (2), a 4-h report of Citrobacter freundii was found to be a very specific response.
Four-hour AMS identifications were 96% accurate if one first excluded all identifications with P < 0.80 and all attempts to report nonspecific identifications, i.e., M. 
